provided as a service of ; -i*T AVAILABLE COPY 

Sr. VINCrNl HObfMTAL Bf/Vri ^ 
, , fni m. _ HEALTH SCIENCE LIBRARY T . . BJ x NOTICE: 

W^oTr^r mfl p Th,s Material May Be Protected R, 

e 1992 Raven Pre, L.d.. New Yorlc Copyright La*. (Title 17, U S CODE) 

A Comparison of Unicortical and Bicortical End Screw 
Attachment of Fracture Fixation Plates 



G. S. BeaupnS, N. J. Giori, W. E. Caler, and *J. Csongradi 

Veterans Affairs Medical Center, Re habituation Research and Development Center, Palo Alto; and ^Division of 
Orthopaedic Surgery, Stanford University Medical Center, Stanford, California, U.S.A. 



Summary: Plate fixation is considered by many clinicians to be the treatment 
of choice for displaced diaphyseal fractures of the forearm. One possible com- 
plication associated with plate fixation is refracture with the plate in situ or 
after plate removal. With the plate in situ, refracture typically occurs through 
the last screw hole near the end of the plate. Some clinicians have advocated 
the use of unicortical end screws to minimize the risk of such refractures. In 
this study, we performed a series of in vitro tests to compare the breaking 
strength of plated bone analogues that used either unicortical or bicortical end 
screws. The plated constructs that used unicortical end screws were signifi- 
cantly weaker in the two most important physiologic loading modes. Based on 
these results, we conclude that the use of unicortical end screws may result In 
a greater risk of refracture with the plate in situ. Key Words: Bicortical/ 
unicortical screw fixation— Refracture— Complications— Internal fixation- 
Fracture fixation — Dynamic compression plating. 



Plate fixation is considered by many orthopaedic 
surgeons to be the treatment of choice for displaced 
diaphyseal fractures of the forearm (21). By provid- 
ing near-anatomic reduction, and permitting an 
early return to motion, plate fixation of forearm 
fractures often leads to excellent functional results 
(6,20). Plate fixation is not without complications, 
however, Refracture is one possible complication 
which, although it does not happen frequently, rep- 
resents a serious clinical concern. Refracture most 
often necessitates an additional surgical procedure 
with its own associated risk of complications, in- 
creased medical costs, increased healing time, and 
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loss of productivity. Two types of refracture are 
possible with plated bones: (a) that which occurs 
after the plate has been removed; and (b) that which 
occurs with the plate in situ. The first type of re- 
fracture has received considerable attention (5,13, 
15,21) and will not be discussed further. The second 
type of refracture, which has received minimal at- 
tention, is the exclusive focus of the present study. 
In particular, this study focuses on bone that refrac- 
tures at or near the end of the plate. This type of 
refracture is illustrated in Fig. I. In this hip arthro- 
desis case, the femur has fractured at the distal end 
of a cobra plate. 

There are no definitive studies that specifically 
address the clinical frequency of refractures near 
the end of the plate, although some reports do exist 
both in the classic orthopaedic texts (14,17), and in 
the plating literature (1,5,8,19,23,24). Not all plating 
studies differentiate between refracture with the 
plate in situ and refracture after plate removal. 



294 



?3T AVAILABLE COPY 

UNICORTICAL AND BICORTICAL END SCREWS 295 




FIG. 1. Refracture after hip ar- 
throdesis using a cobra plate. 
(Radiograph courtesy of Drs. 
V. H. Frankel and R. A. Win- 
quist.) 



Therefore, an accurate determination of the rate at 
which refracture with the plate in situ occurs is dif- 
ficult to obtain. In the few studies that explicitly 
report refractures with the plate in situ, the rate of 
refracture has ranged from -1-3% (1,5,8,19). 

Refracture of the bone at the end of the plate has 
been reported to occur as a result of a stress con- 
centration associated with the change in stiffness at 
the junction of plated and unplated sections of 
bone. In an attempt to make the load transfer from 
bone to plate more gradual, reduced stiffness plates 
(10,25), tapered plates (2,9,26), and unicortical end 
screws (14,17) have been suggested. The use of uni- 
cortical end screws is one approach that has found 
some clinical acceptance (5,6). 

In discussing the use of unicortical end screws, 
the second edition of the AO Manual (17) states: 

The [end] screw is usually inserted through only 
one cortex. This results in a more gradual transition 
of forces under load between the plated segment 
and the rest of the bone, and the elasticity of the 
bone is not interrupted so suddenly. 

In Rockwood and Green's Fractures in Adults, 
Harkess et al. (14) make a similar argument when 
they state: 

The short [end] screw gripping only one cortex is 
intended to smooth out the gradation between the 
normal elastic bone and the segment deep to the 
plate. 

When discussing refracture, the AO Manual (17) 
also says: 

A particular type of refracture is the transverse 
fracture occurring at the junction of the relatively 
rigid plated segment, and that of the normally elas- 
tic diaphysis. For this reason, we aim at a gradual 



transition from the rigid to the less rigid segment of 
bone by inserting one or two short screws which go= — 
through only one cortex. 

Despite these recommendations, many clinicians 
choose to attach plates using bicortical end screws. 
This practice is perhaps based on the belief that the 
use of bicortical end screws leads to a stronger frac- 
ture repair than does the use of unicortical ones. 
Few studies have examined this issue quantitatively 
(12,16). Our goal was to compare the breaking 
strength of plate/bone constructs that use unicorti- 
cal end screws with those using bicortical end 
screws, 

MATERIALS AND METHODS 

To eliminate the variability inherent with testing 
cadaver bone, we developed a bone analogue made 
from paper-based phenolic tubing (Laminated Far> 
ricators, San Bruno, CA, U.S.A.). Tensile tests of 
the phenolic tubing showed that its modulus, (7.7 ± 
0.2 GPa) and strength (81 ± 4.2 MPa) were -50 and 
60% of the values for cortical bone, respectively. 
The outer diameter and wall thickness of the tubing 
were chosen to match the mid-diaphyseal, cross- 
sectional area and moment of inertia of the human 
radius as determined in an earlier study (3). The 
resulting outer diameter was 13 mm, and the wall 
thickness was 2.5 mm. 

The phenolic tubing was cut into sections 225 mm 
long. A transverse osteotomy was performed on 
each section of tubing, creating two equaHength 
"fracture" segments. Fixation of the two segments 
was accomplished using a Zimmer six-hole, tita- 
nium-alloy, dynamic-compression plate (catalog no. 
8864-06, Zimmer, Warsaw, IN, U.S.A.). The plates 
were 73 mm long, 10.7 mm wide, and 2.8 mm thick. 
The plates were attached using titanium-alloy, cor- 
tical-bone screws (m^jor diameter 3.5 mm, minor 
diameter 1.9 mm, pitch 1.75 mm). The screw holes 
were drilled and tapped using standard surgical in- 
struments. Screw hole placement was determined 
using the appropriate drill guide in such a way that 
the screws were placed in the 4 'neutral 1 * position 
within the slotted holes in the plate. 

The fixation plates were attached to the osteoto- 
mized bone analogue using one of two procedures. 
In the first group, the plates were attached using 
bicortical screws (22 mm long) at each of the six 
screw locations (Fig. 2, top). In the second group, 
the plates were attached using bicortical screws at 
the four inner screw locations, and unicortical 
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FIG. 2. Bone analogue with bicortlcal (top) and unlcorticat 
(bottom) end screws. 



screws (12 mm) at the two outermost screw loca- 
tions (Fig. 2, bottom). Each screw was tightened to 
a predetermined torque value using a custom-made 
torque-monitoring screwdriver (Fig. 3). Each bicor- 
tical screw was tightened to a torque value of 1.5 
Nm, and each unicortical screw was tightened to a 
torque value of 0.75 Nm. 

The plated bone analogues were subjected to 
both four-point bending and torsional loads (Fig. 4). 
The bending tests were performed in both the bend- 
ing-open and the bending-closed loading modes. 
The bending tests were conducted at a constant dis- 
placement rate of 1.0 mm/s using a uniaxial materi- 
als testing machine (Model 858, MTS Systems 
Corp., Minneapolis, MN, U.S.A.). Twelve tests 
each were performed in both the bending-open and 
bending-closed loading modes. Torsion tests were 
conducted at a constant rotation rate of 507s with a 
torsion materials testing machine (MTS, Model 
809). Ten torsion tests were performed. 

Load-displacement curves were recorded during 
each test using an X-Y recorder. The maximum 
bending moment and maximum torque at failure 
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FIG. 4. The plated bone analogues were tested In three load- 
ing modes. Top: Bending-open; middle: bending-closed; 
bottom: torsion. 



were used as measures of strength of the bone-plate 
systems. The data were compared using the Stu- 
dent's t test. 

RESULTS 
Fracture Description 
Bending-Open 

Typical fracture paths for the bending-open tests 
are shown in Fig. 5. The bicortlcal construct is 
shown at the top of the photograph. With bicortical 
end screws, the fracture line is transverse, and con- 
nects the outermost screw hole in the trans cortex 
(the cortex opposite the plate) with the cis cortex 
(the cortex directly under the plate) near the end 
screw hole and the plate end. 

With unicortical end screws (bottom of Fig. 5), 
the fracture line is oblique, and connects the trans 
cortex at the second screw to the cis cortex near the 
outermost screw hole and the end of the plate. Sub- 
stantial damage to the bone analogue is apparent in 
the cis cortex near the unicortical screw hole. 




FIG. 3. Six-hole dynamic compression plates with bicortlcal 
and unicortical end screws. Custom-made torque screw- 
driver Is also shown. 



Bending-Closed 

The^ fracture paths for the bending-closed tests 
are shown in Fig. 6. With bicortical end screws, the 




FIQ. 5. Typical fractured bone analogues after bending-open 
tests. Top: Bicortlcal end screw construct; bottom: unicorti- 
cal end screw construct. 
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FIG. 6. Typical fractured bone analogues after banding- 
closed tests. Top: Bicortical end screw construct; bottom: 
unicortical end screw construct. 



fracture connects the outermost screw hole in the 
cis cortex to the trans cortex at the outermost screw 
hole. The fracture is primarily transverse. 

With unicortical end screws, the fracture line is 
slightly oblique. The fracture begins in the trans 
cortex almost directly across from the end of the 
plate, and proceeds upward to the outermost screw 
hole in the cis cortex. In none of the unicortical 
bending-closed tests did the fracture line involve a 
screw hole in the trans cortex. 

Torsion 

The fracture paths in the torsion tests were gen- 
erally more complicated than those described ear- 
lier. However, as is typical of torsional fractures, 
the fracture always contained a spiral segment at 
-~45° to the longitudinal axis of the bone analogue. 
Fractured bone analogues after torsional testing are 
shown in Figs. 7 and 8. Two typical specimens that 
used bicortical end screws are shown in Fig. 7. The 
upper specimen shows the cis cortex with the out- 
line of the plate drawn on the bone analogue. A 
spiral fracture occurs through the outermost screw 
hole in the cis cortex. The lower specimen in Fig. 7 




FIG. 7. Typical fractured bona analogues after torsional test- 
ing with bicortical end screws. Top: Cis cortex; bottom: trans 
cortex. 




FIG. 8. Typical fractured bone analogues after torsional test- 
ing with unicortical end screws. Top: Cis cortex; bottom: 
trans cortex. 



shows the trans cortex. With bicortical end screws, 
the fracture in the trans cortex always consisted of 
a longitudinal segment involving both the second 
and outermost screw holes. 

Two typical specimens that used unicortical end 
screws are shown in Fig. 8. The upper specimen 
shows the cis cortex and the lower specimen shows 
the trans cortex. In the cis cortex, the unicortical 
screw hole is the focus of multiple fracture lines and 
substantial damage near the outermost screw hole. 
Unlike the bicortical situation described previously, 
the trans cortex (bottom of Fig. 8) involved a spiral 
component rather than a longitudinal segment. 

Breaking Strength 

A comparison of breaking strength for the three 
loading modes is shown in Fig. 9. For each loading 
mode, the breaking strength has been normalized 
by the mean value obtained from the bicortical tests 
for that particular loading mode. The error bars rep- 
resent one standard deviation. Significant differ- 
ences in breaking strength between the unicortical 
and bicortical constructs exist for each loading 
mode. In the bending-open loading mode, the use of 
unicortical end screw results in a bone-plate con- 
struct that is 40% stronger than the bicortical con- 
struct (p < 0.01). In the bending-closed and torsion 
loading modes, the opposite is true. The unicortical 
end screw construct is 12% weaker (p < 0.05) in the 
bending-closed mode than the bicortical end screw 
construct. In torsion, the unicortical end screw con- 
struct is 18% weaker (p < 0.01) than the bicortical 
construct. 
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FIG. 9. Breaking strength for each of the three 
loading modes. For each loading mode, the 
breaking strength has been normalized by the 
mean value of the bicortical tests for that load- 
ing mode. Error bars represent one standard de- 
viation. 



DISCUSSION 

This study shows thai the breaking strength of a 
piatc-bonc system is a function of the type of end 
screws used. The use of bicortical end screws re- 
sults in a stronger construct in both the bending- 
closed and torsion loading modes. Only in the bend- 
ing-open loading mode does the use of unicortical 
end screws provide a stronger construct. 

To understand why the use of unicortical end 
screws results in a stronger construct for the bend- 
ing-open loading mode, we note that fractures typ- 
ically initiate in regions of high-tensile stresses. In 
the bending-open loading mode, the trans cortex is 
the tension side, and, therefore, a refracture will 
initiate at the most highly stressed point in the trans 
cortex. Finite element models of plate-bone sys- 
tems (3,7,22) have shown that the stresses increase 
with increasing distance from the fracture site, and 
that most of the load transfer occurs through the 
outermost screws. Because the outermost screw 
hole in the tension (trans) cortex in the bicortical 
construct is nearer to the end of the plate, the ten- 
sile stresses at this location will be higher than those 
in the unicortical system. This results in failure at a 
lower applied load in the bicortical system. 

In the bending-closed loading mode, the cis cor- 
tex is now the tension cortex. In this case, the out- 
ermost screw hole in the tension cortex for both the 
unicortical and bicortical constructs is highly 
stressed. However, for both the bending-closed and 



torsion loading modes, there is no obvious reason 
why the stresses near the unicortical end screw 
would be higher than those near the bicortical end 
screw. At the 1977 AO course in Davos, Switzer- 
land, Frankel first suggested that the use of unicor- 
tical end screws was deleterious (personal commu- 
nication). Frankel argued that the load transfer from 
the bone to the plate is different for the unicortical 
and bicortical constructs. He further argued that 
with bicortical end screws, both cortices participate 
more or less equally in the load transfer. In the 
unicortical system, only the cis cortex participates 
in load transfer near the end of the plate; the cis 
cortex, therefore, will be more highly stressed, A 
critical investigation of this hypothesis would re- 
quire a careful experimental (e.g., strain gage) or 
finite element study. 

Another hypothesis is based upon the difference 
in stability of unicortical and bicortical screws, Uni- 
cortical screws cannot be tightened to the same 
torque level as bicortical screws, because the max- 
imum screw torque is a function of the total thick- 
ness of cortex engaged by the threads (1 1). Unicor- 
tical screws may therefore be more susceptible to 
toggling in the screw hole because they are looser, 
and because bicortical or two-point fixation obvi- 
ously provides more stability against this type of 
motion. Bechtol (4) has made a similar argument. 
This toggling may damage the screw thread-bone 
interface, thereby weakening the system. The dam- 
age in the cis cortex near the unicortical screw hole 
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in our tests may be an indication of the effect of 
toggling. It is not unreasonable to think that the 
arguments made by Frankel and Bechtol are both 
relevant. 

The use of unicortical end screws with plate fix- 
ation has been suggested as a way to decrease the 
likelihood of bone refracture with a fracture fixation 
plate in situ (14,17). It is interesting to note that the 
latest edition of the AO manual (18) no longer con- 
tains many of the arguments in the text supporting 
the use of unicortical end screws that appeared in 
the previous edition (17). However, many of the 
figures in the latest edition, which are identical to 
the figures in the previous edition, still illustrate the 
use of unicortical end screws 

In the widely used orthopaedic reference, Rock- 
wood and Green's Fractures in Adults, Harkess et 
al. (14) also recommend the use of unicortical end 
screws. Both the language and the illustrations re- 
lated to unicortical end screws that appear in Rock- 
wood and Green are based upon the second edition 
of the AO manual (17). Because the AO Manual and 
Rockwood and Green are two of the most important 
clinical references on plate fixation, some clinicians 
will use unicortical end screws based solely on rec- 
ommendations contained in these classic texts. 

The only previous studies that compared the use 
of unicortical and bicortical end screws concluded 
that there were no significant differences in strength 
between the two constructs (12,16). Hopf et al. (16) 
tested the failure strength of five matched pairs of 
fresh human femora with 10-hole plates attached to 
the lateral midshaft. One femur in each pair had 
unicortical end screws, and the other had bicortical 
end screws. Some of the matched pairs were tested 
in the bending-open loading mode; others were 
tested in the bending-closed loading mode. Unfor- 
tunately, the authors did not specify the number of 
specimens tested in each mode, nor did they report 
the numerical Values of the breaking strength. They 
also stated that the small sample sizes prevented 
them from performing any statistical analyses. 
Their study is further complicated by the fact that 
multiple-load cycles were used in the bending-open 
tests, whereas a single load-to-failure protocol was 
used for the bending-closed tests. As a result, there 
is no quantitative evidence to support their conclu- 
sions regarding breaking strength. 

Davenport et al. (12) performed an in vitro study 
in which they attached narrow, six-hole, stainless- 
steel dynamic-compression plates using 4.5-mm 
screws to both intact and osteotomized canine fem- 



ora. One femur in each matched pair was plated 
using uni cortical end screws, while the contralat- 
eral femur was plated using bicortical end screws. 
The femora were tested to failure in torsion. Al- 
though none of their strength results reached statis- 
tical significance, the mean value of failure torque 
in their osteotomized series was 16% higher in the 
bicortical group than in the unicortical group. This 
compares very favorably with the 18% higher fail- 
ure torque for the bicortical construct under tor- 
sional loading that we found in our study. 

The studies by Hopf et al. (16) and Davenport et 
al. (12) point out the difficulties inherent in the use 
of real bones in studies that require mechanical test- 
ing. Variations in mechanical properties (e.g., 
strength and stiffness) from bone to bone, even 
when using matched pairs, can require large sample 
sizes to show statistically significant differences be- 
tween groups. The use of a bone analogue in these 
types of studies offers a distinct advantage. Be- 
cause interspecimen variability is minimal for bone 
analogues, statistical significance can be found us- 
ing sample sizes that might produce only trends or 
nonsignificant differences if real bones were used. 
The use of a bone analogue, however, does raise an 
important question. That is, does the use of a bone 
analogue accurately reflect the response of the real 
bone? Unfortunately, we know of no manufactured 
materials that have the exact same properties as 
bone. However, the phenolic material used in the 
present study has properties that are at least similar 
to those of bone. We feel that the results of our 
mechanical tests using a bone analogue do ade- 
quately represent the response that would occur in 
real bone. A comparison of the trends found by 
Davenport et al. (12) with our results would seem to 
support this conclusion. 

This study does not address potential long-term 
effects related to the use of unicortical or bicortical 
end screws. In addition to breaking strength, the 
stability of fixation (12,16) and the extent of adverse 
bone remodeling (e.g., plate-induced osteopenia) 
can also be affected by the type of end screws. 
These important issues await further study. This 
study does show that the use of bicortical end 
screws rather than unicortical end screws will result 
in a stronger plate-bone construct for two of the 
most important physiologic loading modes, namely 
bending-closed and torsion. These two loading 
modes are unquestionably the most important ones 
for the type of fixation shown in Fig. I. 
Although the unicortical construct is stronger in 
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the bending-open loading mode, the recommenda- 
tion to use unicortical end screws cannot be based 
solely on this finding. By considering the predomi- 
nant in vivo loading modes, we conclude that bicor- 
tical end screw fixation should result in a fracture 
repair less susceptible to refracture with the plate in 
situ. 
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